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Soon after this incident, IBM was awarded the contract 
for the SAGE computer. 
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In a world where US'IX is rapidly becoming ubiquitous, it 
is interesting to read how the origins of the movement 
toward common operating systems gained impetus at the 
uncommon place Wollongong. 


The First Port of UNIX 


Background 

The first paper on the portability of UNIX was published 
by Richard Miller (Miller 1978a) in February 1978 and 
again in a more widely read publication (Miller 1978b) a 
little later. .Although Ritchie and Johnson (Johnson and 
Ritchie 1978) referenced Miller's paper and described the 
Wollongong port in their paper on the portability of UNIX , 
almost all authors of UNIX books have ignored the Fust 
port of UNIX which was also the first commercially suc- 
cessful port of any operating system from one 
manufacturer’s computer to another. 

This trend was started by Steve Bourne (Bourne 1982) 
who gave the Bell Laboratories history of UNIX on page 
3 of his widely read book without any concern for the ex- 
istence of the rest of the world. Subsequent authors just 
copied word for word, or slightly paraphrased, Bourne’s 
incomplete history of UNIX with liule concern for histori- 
cal accuracy or independent verification of facts. 

The purpose of this anecdote is to describe how the first 
port of UNIX actually happened while diaries and notes 
are still available, and while most of the participants of 
both the Wollongong and the Bell Labs port are still able 
to recall past events accurately. 


History 

In the early 1970s, operating systems were formidable 
obstacles placed between a program and its successful ex- 
ecution on a computer. It was firmly believed that operat- 
ing systems must be large, complex, and — at least to some 
extent — incomprehensible. This provided job security for 
an ever-increasing stream of system programmers who 
made heroic efforts to manage the unmanageable and to 
comprehend the incomprehensible. 

It was strongly felt (without a shred of scientific 
evidence one way of the other) that an operating system 
must be tailor-made for a given computer architecture and 


that it must be written in the assembly language of the 
machine to achieve an efficient and compact system. 

Dijkstra had shown in 1967 that this need not be the 
case by designing and implementing a small, compact, 
comprehensible, and powerful operating system called 
THE Operating system (for Technische Hochschule Ein- 
doven). However, his work was either ignored or regarded 
as an academic curiosity especially because the system 
was implemented on an obscure Dutch computer. Some 
universities were studying the problems of portability of 
operating systems but all of those systems were designed 
to illustrate specific problems and concepts, and each of 
them was in at least one major way insufficient as a 
production operating system for a computer center service 
operation. 

In New South Wales, four separate events took place 
which made the first port of UNIX necessary and possible. 
In May 1975, 1 took up the Foundation Chair of Comput- 
ing Science at the University of Wollongong, and found 
that with a mainframe computer practical laboratory work 
for first-year students of Computing Science was neither 
cost effeedve nor flexible enough for easy use. 

In July 1976, Richard Miller took up the position of 
Tutor in Computing Science. Richard came to us from 
Canada, where he had taken the 20,000 line first im- 
plementation of my interactive graphics language SIGMA 
and produced a 2000-line second implementation which 
had all the essential aspects of the first implementation but 
with fewer bugs and impressive running speed. 

Also in 1976, the University of Wollongong allocated 
a small amount of money to establish a Computing Science 
Time Sharing Laboratory for the support of hands-on prac- 
tical work by students and staff. I visited M. W. Alien and 
John Lions at the University of N.S.W. to see how they 
managed their practical work. They suggested that we 
should take a closer look at UNIX which was available as 
Version 6 on PDP-11 computers. Unfortunately (or as it 
later turned out fortunately), our funding was insufficient 
for a reasonably sized PDP- 1 1 computer, so we purchased 
an Interdata (later renamed Perkin-EImer) 7/32. 

Murray Allen gave me a barely readable recopy of a 
copy of the first Ritchie and Thompson article on UNIX 
(Ritchie and Thompson 1974). It had appeared in the Com- 
munications of the ACM in 1974 but somehow I had 
missed its significance at that time. It was immediately ob- 
vious to me that here was a simple, powerful, and elegant 
operating system that stands between the program and its 
execution much less than any other commercially avail- 
able system I had used or studied. It was also obvious that 
the elegance of its design and the consistency of its con- 
cepts and their implications would make it possible to 
transfer the system to another computer where it would run 
efficiently, provided the target machine satisfies some 
simple requirements, such as: byte addressable memory; 
hardware memory mapping to provide each process with 
a separate address space; and a uniform register set 
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Richard was looking for a reasonably challenging 
programming problem, so I suggested to him that it would 
be terribly useful for the practical work of our students— 
as well as a bold example for the discipline of computing 
science — to show that elegant and simple designs are port- 
able without loss of power, speed, and capability by ac- 
tually doing the port We applied for our UNIX license and 
waited. Since it was a daring step to commit all resources 
of a fledgling computing science section of a Mathematics 
Department to a project which no one had achieved before 
and to expect a production level system in no more than 
12 months, we decided to reduce distractions such as skep- 
tical comments by nonbelievers to a minimum and talk 
about the project only if and when it was finished success- 
fully. 


The First Step 

Our UNIX license arrived and on 9 November 1976, 
Richard and I went to the University of N.S.W. to look at 
UNIX source code as our copy of the code had not arrived 
yet. The first step was to port the C compiler and there we 
had a problem. We had no PDP-11 assembler code. We 
needed a compiler which generated Interdata 7/32 as- 
sembler code. Therefore, one has to rewrite the code- 
generation part of the compiler to generate assembler code 
for the new machine, compile this source language 
program of the compiler on the old machine (where a run- 
ning compiler exists), transfer the code to the new 
machine, test it, and repeat the cycle until the compiler 
compiles itself on the new machine. This is a simple 
process if both machines are in the same room; however, 
in our case, they were 80 km apart with travel funds avail- 
able for, at most, three trips. 

Richard made only two trips to UNSW and by 5 January 
1977, the C-compiler was compiling itself and all the test 
programs we could give it withoutany bugs. On 10 January 
1977, Ross Nealon completed the port of the UNIX editor 
ed to the Interdata machine. At this stage, Richard quietly 
put aside the optimizing pass of the C-compiler for PDP- 
1 1 code, to be implemented later for Interdata code if time 
permitted. To this day, nobody has complained about its 
absence, which shows that good programs do not need 
automatic optimization, while bad programs cannot be res- 
cued by it. 

The Kernel 

Our Interdata 7/32 was heavily used by staff and students 
as a general time-sharing computer seven days per week 
from about 8 a.m. until 10 p.m. We had no PDP-11 avail- 
able to us. Hence, the only way to implement the porting 
was to try to find a way to run the kernel of UNIX as a user 
process under the existing operating system of the Inter- 
data 7/32 and to test it by simulating Interdata Input/Out- 


put devices by software generated interrupts. Luckily, this 
was possible in the Interdata operating system, and on 4 
February 1977, Richard had a working UNIX kernel 
without terminal drivers and interrupt handling. On 10 
February, we could use UNIX under the Interdata operat- 
ing system with about 8 commands and a skeleton shell. 

Device Drivers 

With a debugged kernel, it was relatively easy to write 
device drivers. The main problem was inaccurate and in- 
complete information in device manuals which had to be 
rectified by experiment, often with great patience and in- 
genuity. On 28 April 1977 at 2 p.m., Richard presented to 
us our Interdata 7/32 UNIX working in stand-alone mode 
without the Interdata operating systems. We now had a 
kernel, a tty-type terminal driver, a disk driver, an inter- 
rupt handler, a shell, a few dozen system commands, and 
ed. 


Production Level System 

Migration programs were written for the conversion of In- 
terdata files to UNIX as well as for the reverse. Some of 
the UNIX utilities which were written in C were ported to 
the Interdata. By July 1977, Interdata’s FORTRAN, 
BASIC, and CAL (assembler) were running under UNIX, 
either with a rewritten system call interface or a system, 
call emulator where we did not have the source code. On 
25 July 1977, UNIX was put into production in the Com- 
puting Science Laboratory under a he^vy user load, and it 
was an immediate success. It is remarkable that Richard's 
code needed no alpha testing, no beta testing, and no trial 
period as is customary with the introduction of a new 
software system. It is even more remarkable that Richard 
achieved stand-alone operation without ever taking the 
machine out of production. With careful planning, as much 
system testing as possible was done on the simulated 
devices running as a usenask under the Interdata system. 
Where stand-alone operation was essential, Richard per- 
formed the testing late at night, between 10 p.m. and 8 
a-m., while carrying a full system support workload during 
the day. For many months, night after night, the light in 
Richard’s office and in our machine room were the only 
bright spots in an otherwise peacefully slumbering univer- 
sity. vr : - 


Follow Up Work 




After the completion of the port, other institutions became , r ^ 

interested in our UNIX. With permission from Western 
Electric, we shipped our UNIX to the University of IT- 
linois, where it was installed and ran for the first time in 
January 1978, and to the University of Melbourne in ; 7 • :T 
March 1978. S4 
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UNIX Release 7 arrived in Wollongong on 7 August 
1 979, and Richard had it running in production on 79 Sep 
tcmber 1979 on our Perkin-Elmer 3220 which "in the 
meantime, had replaced the Interdata 7/32. Since we had 
deliberately and consciously resisted the temptation to add 
local ornaments, extensions, and other "improvements" to 
the system, our port of Release 7 was in production earlier 
than die PDP- 1 1 versions at other Australian universities 
who had to convert a large amount of local modifications. 

Frustrations 

In the years 1977-1980, I tried in vain to interest our in- 
dustry, our university, and our government in the remark- 
able lead that we had on the rest of the world. By 1980, we 
had shipped about 30 systems to all parts of the world 
While on a visit to the National Computer Conference at 
Ananeim, California, I finally met some interested people. 
They immediately formed a company, purchased world 
rights lor our contribution to Perkin Elmer UNIX from the 
University, and in honor of the occasion called the com- 
pany the Wollongong Group Inc. TWG as it is now known 
later sold our UNIX to Perkin Elmer where it was com - 

“ ** firSt “acturer-supponed 

UNIX called Perkin-Elmer Edition 7. Only in 1984 was it 
superseded by Perkin Elmer’s own port of UNIX system 


Retrospect 

Bell Laboratories completed the second port in late 1977 
or early 1978. The target was by coincidence another In- 
terdata machine, the 8/32. This port made a major con- 
tnbuuon to the enhanced portability of Release 7 UNIX 
but it never became a commercial product. 

Richard Miller left Wollongong in 1981. In spite of his 
achievements, the University of Wollongong was unable 
to provide him with a research computer dedicated to his 
own use so he still had to test his programs and ideas be- 
tween 10 p.m. and 8 a.m. Since leaving Wollongong 
Richard has performed, among other software develop- 
ments, several additional UNIX ports. He is probably the 
only pemon in the world who has performed five ports of 
four different versions of UNIX: Release 6 Release 7 
Berkeley 42, and System 5.2 to four different target 
machines: Interdata 7/32; Perkin-Elmer 3200 series- Na 
uonal Semiconductor 16000; and Motorola 68000 ’ 

UNIX porting is commonplace now but even today a 
port seldom exceeds in speed and elegance the 6 months 
it took Richard Miller to take a system he had never seen 
before to a new computer where it was not supposed to 
work well and to make it work better than the native 
operaung systems. 

t “ k° W3y 10 summarize *e first port of 
UNIX than by quoung Doug McIIroy, Head of the UNIX 


Research Group at Bell Laboratories, who said (Doug Me- 
Ilroy, private communication): u 

We here at Bell Laboratories were truly dumfounded 
when this visitor from an unknown school in Australia 
reported his elegant procedure and remarkable success 
Our own people took considerably longer to move UNIX 
to an Interdata machine, not because they were not as 
clever but because they had a different objective- a 
portable Unix rather than a UNIX port. But I think they’d 

p aV ! a'f/u 0re undcnakin s the heroic effort that 
Richard Miller did and he did not even have a Unix 
computer to port from. 

Juris Reinfelds 

Department of Computing Science 
The University of Wollongong 
Wollongong, N.S. W. 

Australia 
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ELOGE: Adriaan van Wijngaarden 
(1916-1987) 

Introduction 

On 7 February 198 7 the European information 
processing community lost a key figure: Profes- 
sor Adriaan van Wijngaarden, the Dutch Com- 
puter pioneer and promoter of programming lan- 
guages. 6 
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